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(54) Optical fiber cable tracing system

(57)  An optical cable tracing system is constructed
using an optical/electrical (hybrid) cable [10] containing
both optical and electrical transmission media. This ca-
ble provides desirably high bandwidth via optical fibers
[15] while connection accuracy is provided via electrical
wires [13], which are used to operate indicator lights at
one or both ends of the cable. A hybrid plug connector
terminates the cable at each end and includes a dielec-
tric housing [20, 30] that encloses the optical fiber (glass
or plastic), which extends through a front opening [21]
in the housing. A single cantilever latch [22] is mounted
on a top-side of the housing that is adapted to engage

a mating jack receptacle in a locking relationship. A con-
ductor-holding apparatus is molded into the bottom side
of the housing where it holds a number of insulated elec-
trical conductors and metallic blade terminals [36] that
pierce the insulation and make electrical contact with
each of the conductors. The mating jack receptacle in-
cludes a row of spaced wire springs at the entrance of
the optical connecting portion of the receptacle. The
wire springs either extend to an opposite side of the re-
ceptacle to provide electrical interconnection between
a pair of hybrid plug connectors, or the wire springs are
arrayed to fit into a printed wiring board for interconnec-
tion with electrical circuitry thereon.
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Description

Technical Field

[0001] This invention relates to an optical fiber inter-
connection system and, more particularly, to an appa-
ratus and method for finding both ends of an optical ca-

ble whose ends terminate at different locations.

Background of the Invention

[0002] The growth in optical communications has
been fueled by the extraordinary bandwidth that is avail-
able on optical fiber. Such bandwidth enables thou-
sands of telephone conversations and television chan-
nels to be transmitted simultaneously over a hair-thin
fiber that is made from a high-quality glass material.
Nevertheless, bandwidth alone cannot satisfy some
very simple needs that are easily handled by electrical
cables. For example, electrical signals are the only prac-
tical way to interact with the existing communications
infrastructure (e.g., standard telephone equipment) or
even to operate a simple indicator lamp. And so it seems
likely that the most desirable cables will combine elec-
trical wires and optical fibers to enable designers to take
maximum advantage of the strengths of each media.
And while hybrid (i.e., electrical/optical) cables exist,
hardware for connecting such cables to other commu-
nication equipment is presently too large, too costly or
too cumbersome.

[0003] For example, patch panels are used to inter-
connect specific customers and equipment with other
specific customers and equipment, and it is imperative
that the connections be made accurately. One system
is shown in U.S. Patent 5,394,503, which discloses an
optical fiber patch cable having end connectors that are
arranged to operatively connect with patch panel cou-
plings. Each patch cable includes one or more optical
fibers and one or more electrical conductors. However,
these end connectors and couplings are relatively bulky
with large cross-section areas, each having many indi-
vidual parts that do not yield to machine assembly. Con-
sequently, they are neither space nor cost effective.
Space is at a premium in such patch panels and an op-
tical/electrical connector arrangement having a small
footprint (i.e., cross-section area) is desirable, as is the
ability to easily insert and remove closely spaced con-
nectors in the patch panel. Moreover, the '503 patent
does not provide a craftsperson with an intuitive ability
to identify opposite ends of the same cable - a simple
task that calls for a simple solution. Instead, the '503
patent uses a remotely located patch panel control sys-
tem to identify cable termination points - a solution that
is overly expensive and burdensome for the desired
task.

[0004] Accordingly, what is desired is a system that
provides reliable tracing of an optical cable whose ends
are located at widely separated locations. Additionally,
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it is desirable that the tracing system be relatively intu-
itive to operate and not require special training.

Summary of the Invention

[0005] The above-described deficiencies are over-
come by a tracing system that enables a user to easily
identify opposite ends of the same cable when the ends
are installed in jack receptacles on different panels or
on the same panel. The cable includes an optical fiber
and a metallic wire, whereas the jack receptacle in-
cludes an optical port and an electrical port for intercon-
nection with the cable. An electrical circuit is associated
with the jack receptacle and it includes a manually op-
erated switch and a light. The circuit makes electrical
connection to the wire within the cable via the jack re-
ceptacle and a plug connector that is attached to the
end of the cable. The manually operated switch has an
active state and a normal state, and is configured to ap-
ply one voltage to the wire in its active state and to apply
another voltage to the wire in its normal state.

[0006] In an illustrative embodiment, the cable ex-
tends between a pair of corresponding jack receptacles,
each having the same electrical circuit associated there-
with. Manually operating the switch associated with one
receptacle causes the light associated with the corre-
sponding receptacle at the other end of the cable to turn
on. In another illustrative embodiment, manually oper-
ating the switch associated with one receptacle causes
the lights associated with both corresponding recepta-
cles to turn on.

[0007] In the illustrative embodiments, the cable in-
cludes a number of insulated wires that enable more so-
phisticated monitoring functions to be accomplished,
which is of growing significance in view of the volume of
data that can now be transported over a single optical
fiber. Also in the illustrative embodiments, novel designs
are shown for jack receptacles and plug connectors that
accommodate optical and electrical transmission me-
dia. Panel mounting is advantageously simplified by
molding a light-emitting diode into the receptacle itself
to serve as the light and/or using a printed wiring board
as the panel.

Brief Description of the Drawing

[0008] The invention and its mode of operation will be
more clearly understood from the following detailed de-
scription when read with the appended drawing in
which:

FIG. 1 is a cross-section view of a cable containing
optical and electrical transmission media;

FIG. 2 shows an exploded perspective view of an
optical/electrical plug connector, demonstrating its
assembly and attachment to the cable shown in
FIG. 1;

FIG. 3 discloses a cross-section view of the optical/
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electrical plug connector;

FIG. 4 is a back end perspective view of an optical/
electrical jack receptacle having a pair of side-by-
side openings for receiving a pair of optical/electri-
cal plug connectors;

FIG. 5 discloses one embodiment of the optical/
electrical jack receptacle in which electrical conduc-
tors extend continuously between the front and
back sides of the receptacle;

FIG. 6 discloses another embodiment of an optical/
electrical jack receptacle in which electrical conduc-
tors are arranged for mounting on a printed wiring
board;

FIG. 7 is an exploded perspective view of a printed
wiring board containing various components that fa-
cilitate the processing of optical and electrical sig-
nals;

FIG. 8 is a cross-section view of an optical trans-
ceiver that is arranged to transmit and/or receive
electrical and optical signals;

FIG. 9 discloses a patch panel that is used in mak-
ing optical interconnections;

FIG. 10is an exploded perspective view of a portion
of the patch panel of FIG. 9 showing an optical/elec-
trical jack receptacle being installed into the panel;
FIG. 11 is a schematic of one embodiment of an
electrical circuit, which is associated with each jack
receptacle in the patch panel of FIG. 9;

FIG. 12 is a schematic of another embodiment of
an electrical circuit, which is associated with each
jack receptacle in the patch panel of FIG. 9; and
FIG. 13 discloses an optical/electrical plug connec-
tor inserted within the jack receptacle of FIG. 10,
the jack receptacle being shown in cross section af-
ter installation in the patch panel.

Detailed Description

[0009] The present invention solves a number of
problems that are related to the combination of electrical
and optical transmission media. As discussed above,
each of these different transmission media has its own
unique advantages and disadvantages, and neither one
is suited to handle the tasks the other performs effort-
lessly. For example, optical fibers are terrible conduc-
tors of electricity, even small amounts; whereas electri-
cal conductors do not approach the bandwidth that is
readily available on an optical fiber. Accordingly, cables
containing both optical and electrical transmission me-
dia have been developed to exploit the best features of
each. One such cable is shown in FIG. 1, which is a
cross-section view of a cable 10 that contains a buffered
optical fiber 15 and four insulated electrical conductors,
collectively designated by the numeral 13. These trans-
mission media are surrounded by a number of filamen-
tary (yarn-like) strength members 11 that are preferably
made from aramid fibers. The strength members 11 im-
part significant tensile strength to the cable 10 and pro-
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tect the optical fiber from undue strain that may be ap-
plied to the cable during service and handling. Whereas
only one optical fiber and four electrical conductors are
shown, it is understood that the cable could contain any
number of optical fibers and electrical conductors with-
out departure from the invention.

[0010] Inthis example cable, the buffered optical fiber
15 comprises a glass fiber 17 (diameter about 125 mi-
crons) having one or more layers of protective coating
material (overall diameter now about 250 microns) and
a layer of a polymeric material 16 such as nylon (overall
diameter now about 1 millimeter) to buffer the optical
fiber. Alternatively, buffered optical fiber 15 could be a
plastic fiber whose diameter is also about 1 millimeter.
In this situation, there is no need for a cylindrical ferrule
to support the fiber and there is no need for strength
member in the cable. Nevertheless, in the illustrative ca-
ble 10, the electrical conductors 13 comprise 26 gauge
copper wire surrounded by a layer of polyvinylidine flu-
oride insulation. Finally, the cable 10 includes an outer
jacket 12 comprising polyvinyl chloride (PVC). Because
this particular cable is for use within a building, the PVC
is blended with filler materials that render it flame retard-
ant.

OpticallElectrical Plug Connector

[0011] Cable 10 is shown connected to a novel opti-
cal/electrical (hybrid) plug connector in FIGS. 2 and 3.
The plug connector comprises a two-piece housing
structure 20, 30 although it is clear that the housing
could be constructed as a unipartite structure similar to
the one shown in Application Serial No. 09/524.335 (Dr-
iscoll 6-40-6-6-9). A front opening 21 in housing struc-
ture 20 extends into a cavity that encloses a fiber-hold-
ing structure comprising a cylindrical ferrule 40 and a
base member 42, which is generally referred to as a
"barrel." An axial passageway 41 extends through the
ferrule and is sized to receive an end portion of a glass
fiber 17 after its protective coating and buffer layer 16
have been removed. The glass fiber 17 is held within
the axial passageway 41 by an adhesive, and the buffer
layer 16 is held within a bore 47 in the back end of barrel
42. lllustratively, the ferrule comprises a ceramic mate-
rial such as zirconium and it is held within a cylindrical
opening in barrel 42, which is typically made from metal
or plastic and includes an axial bore in its front end that
is shaped to receive and hold an end portion of the cy-
lindrical ferrule 40. A plastic tube 46 surrounds the back
end of the barrel 42, and both are encircled by a helical
spring member 45. One end of the spring presses
against a flange 43 on the barrel while the other end
presses against a stop within an opening 31 in housing
structure 30 in order to urge the from end of the ferrule
40 through the opening 21 in the housing member 20.
[0012] The first housing structure 20 includes a single
cantilever latch 22 on its top side that is designed to in-
terlock with a mating jack receptacle 440 (see FIGS. 4
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and 5). The cantilever has a fixed end 24, which is po-
sitioned toward the front opening 21 in the housing
structure 20, and a free end that extends toward the
back of the housing structure. The cantilever deflects
downwardly so that a pair of shoulders 23 - 23 can enter
the jack receptacle 440 and interlock with a ledge 441
or 442 therein (see FIG. 5).

[0013] The second housing structure 30 includes a
forward projection 33 that fits into an opening in the back
end of housing structure 20. These two housing struc-
tures 20, 30 conveniently interlock via a wedge-shaped
tab 39 on housing structure 30 and a mating slot 29 in
housing structure 20. An opening 31 in the forward pro-
jection 33 extends axially and completely through the
housing structure 30 as well as through a cylindrical,
metallic crimp tube 35, which is insert-molded into the
back end of housing structure 30.

[0014] Housing structure 30 further includes a canti-
lever trigger 32 on its top side that is designed to interact
with cantilever latch 22 on housing structure 20. The
cantilever trigger 32 has a fixed end that is positioned
toward the back end of the housing structure 30 and a
free end that extends toward the front of the housing
structure 30. The free end of the trigger 32 is designed
to slidably engage and deflect the free end of latch 22
downwardly when it is depressed. Advantageously, the
trigger 32 not only keeps the two-piece housing struc-
ture 20, 30 from snagging other cables when pulled in
a backward direction through a bundle of cords, but also
renders the latch 22 easier to operate.

[0015] During assembly, the bend-limiting device 18,
the heat-shrink tube 19, and metallic crimp sleeve 34
are fed onto the unstripped cable 10. Appropriate
lengths of various cable components are then removed.
These components illustratively include: cable jacket
12; buffer layer 16; the protective coating on glass fiber
17; and the aramid strength members 11. Adhesive is
then injected with a syringe into bores 41 and 47. The
insulated conductors are withdrawn from the metallic
crimp sleeve 34 and the remainder of cable 10 is insert-
ed into the connector 300 so that the glass fiber 17 re-
sides within axial passageway 41 of the ferrule 40, and
the buffer layer 16 resides within bore 47 of barrel 42.
The aramid strength members 11 are positioned over
the outer surface of the crimp tube 35 and "sandwiched"
between the crimp tube 35 and the crimp sleeve 34 - the
latter being deformed by a tool that firmly joins them to-
gether. In addition to friction, grooves are provided on
the outer surface of the crimp tube 35 to improve the
mechanical connection between the strength members
11 and the crimp tube.

[0016] Electrical conductors 13 are then routed
around the crimp sleeve 34 and into the bottom-side por-
tion of housing 30, which is designed to operate as an
electrical plug. A number of slots 37 are adapted to re-
ceive a like number of conductive terminal blades 36
that are shaped to pierce the insulation on the electrical
conductors 13. The blades 36 are pressed upwardly into
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the bottom-side portion of housing 30 in order to engage
each insulated conductor 13. After the crimp sleeve 34
has been deformed onto the crimp tube 35 and the elec-
trical conductors 13 have been installed, a length of
heat-shrink tubing 19 is moved forward to encircle at
least a portion of the crimp sleeve 34. The heat-shrink
tubing is then heated to hold the outer jacket 12 (see
FIG. 1) and the conductors 13 against the crimp sleeve.
A bend-limiting device 18 is finally pushed forward to
meet the back end of housing 30 in order to increase
the bending radius of the cable 10 at this point. Sharp
bends increase the transmission loss of an optical fiber.
Itis noted that the length of the shrink tubing 19 is some-
what longer than the bend-limiting device 18, and that it
operates to provide additional rigidity to the cable in the
region at the rear of the bend limiting device 18 where
severe bending first occurs at light loads.

[0017] FIG. 3 provides a cross-section view of the op-
tical/electrical plug connector 300 after assembly to the
cable 10. Of particular interest in FIG. 3 is the design of
the electrical connecting device on the bottom-side por-
tion of housing structure 30. lllustratively, the electrical
conductors 13 are formed as a flat cord, which is held
in the bottom side portion of housing 30 by an integrally
formed anchor member 38. The anchor member is
shaped to provide strain relief to the conductors 13 and
to interlock with an adjacent portion of the housing struc-
ture 30 after it is pressed toward the cord. The design
of insulation-piercing blades 36, blade-receiving slots
37, and anchor member 38 are disclosed in U.S. Patent
3,954,320.

[0018] Advantageously, the structure of the above-
described optical/electrical (hybrid) plug connector 300
is substantially similar to existing LC-type connector
plugs such as disclosed in U.S. Patent 5,638,474. Con-
sequently, itis backward compatible with existing optical
jack receptacles such as shown U.S. Patent 5,647,043.
Nevertheless, such existing optical receptacles are
modified as shown in FIG. 4, herein, to provide electrical
connections. However, unlike many prior art hybrid con-
nectors, the addition of electrical connections does not
increase the effort required to align the connections dur-
ing installation. Before the electrical contacts 36 in plug
connector 300 (see FIG. 3) make contact with wire
springs 449 in the jack receptacle 440, the front end of
the plug connector is already installed into the jack re-
ceptacle 440 and is guiding the electrical contacts into
alignment. This is accomplished by locating the electri-
cal contacts 36 well behind the front end of the plug con-
nector (i.e., by an amount that exceeds twenty percent
of the overall length of the housing structure). Moreover,
the design of plug connector 300 avoids the use of latch-
ing apparatus on opposite sides and avoids the need for
the installer to grasp both sides of the plug connector to
twist it into engagement with a jack receptacle. As a re-
sult, and as shown in FIG. 4, cavities 443 in the jack
receptacle 440 for receiving optical plugs can be closely
spaced, side by side, to receive the plug connectors in
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a dense array.

OpticallElectrical Jack Receptacle

[0019] Although jack receptacle 440 includes front-
end and back-end portions, both of which comprise jack
receptacles, it is molded as a single part as shown in
FIGS. 4 and 5. The front-end and back-end portions
meet at an optical plane 402 where the ferrules of optical
plugs meet. Each cavity 443 is shaped to receive an op-
tical plug such as the LC type discussed above, and
each cavity includes a generally square entrance for re-
ceiving an optical plug. Above the generally square en-
trance is another entrance for receiving the latch on the
optical plug. The length of the cavity in the longitudinal
direction is greater than the width of the generally
square entrance, and this operates to align the plug con-
nector 300 prior to electrical contact (see FIG. 13 for
example). A common longitudinal axis 401-401 extends
through cavities that are positioned back-to-back with
bosses 444, 445 projecting into each cavity. lllustrative-
ly, the boss 445 includes a flexible bifurcation 446 that
enables an alignment sleeve 447 to be installed without
damage to the boss 445. The alignment sleeve 447 in-
cludes a slit 448 along its length so that it can be made
with a slightly smaller diameter than the ferrules it will
ultimately surround and hold in axial alignment. Bosses
444, 445 surround and capture the alignment sleeve
447, which extends through the optical plane 402 where
the end faces of a pair of optical plugs touch each other.
Moreover, the alignment sleeve 447 has a central axis
that is collinear with the longitudinal axis 401-401 that
extends between pairs of back-to-back cavities. Each
cavity further includes internal latching surfaces 441,
442 for interlocking with the shoulders 23 on the latch
22 of plug connector 300 (see FIG. 2). Such internal
latching surfaces are formed during the molding process
by cores in the mold tool that create and extend through
holes 450 in the top surface of the jack receptacle 440.
FIG. 5 demonstrates that the wire springs 449 extend
between opposite sides of the receptacle 440 in order
to electrically interconnect a pair of plug connectors 300
that are installed on opposite sides of the optical plane
402. Preferably, the wires 449 are crossed, left-to-right,
as they extend between opposite sides of the receptacle
440 so that the left-side contact of a plug connector 300
installed in one side of receptacle 440 will be connected
to the left-side contact of another plug connector 300
installed in the opposite side of receptacle 440. The
wires 449 may be molded into the body of the jack re-
ceptacle 440 or may be laid into grooves in its bottom
side as discussed below in connection with FIG. 10.

[0020] FIG. 6 discloses another embodiment of a jack
receptacle 640 which is designed for mounting on a
printed wiring board 710 (PWB) such as shown in FIG.
7. Here, wire springs 648, 649 are bent downward for
PWB insertion. Conductive paths 730 on the PWB 710
make connections between the wire springs 648, 649
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themselves, and between these wire springs and any
other component 750, 840 on the PWB. lllustratively,
PWB 710 includes an integrated circuit 750, which proc-
esses electrical signals and exchanges them with opti-
cal device 840 where conversion between electrical and
optical signals is made. FIG. 7 illustrates that the jack
receptacles of the present invention (e.g., receptacle
640) are compatible with existing optical plugs. For ex-
ample, optical plug 100 is a known device that is dis-
closed in U.S. Patent 5,719,977. Here, plug 100 termi-
nates a buffered optical cable 210 that contains no elec-
trical wires. FIG. 7 further illustrates that optical/electri-
cal plug connectors of the present invention (e.g., con-
nector 200) may be constructed without a trigger mem-
ber 32 such as shown in FIG. 2 to operate latch 22; and
that optical/electrical plug connectors of the present in-
vention may terminate a pair of separate cables, one
buffered cable 210 containing optical fibers exclusively
and the other cable 220 containing electrical wires ex-
clusively.

[0021] Reference is now made to FIG. 8 for a cross-
section view of optical device 840, which includes a
front-end portion 810 and a back-end portion 820 that
are separated at the optical plane 802-802 where the
end face of a ferrule of an optical plug installed within
cavity 830 effectively resides against a stop 822 having
an opening 823, which is between 0.3 - 0.5 millimeters
in diameter. Cavity 830 comprises a generally rectangu-
lar opening that is shaped to receive an optical plug such
as the LC type. A longitudinal axis 801-801 extends
through cavity 830 and boss 821, which supports the
ferrule of the optical plug. The central axis of the boss
821 is collinear with the longitudinal axis 801-801. lllus-
tratively, an electrical-to-optical transducer 850, such as
a detector or semiconductor laser, is mounted in the
back-end portion 820 of the optical device 840. It is po-
sitioned to collect or emit light respectively along the
central axis 801-801. Because bidirectional optical
transmission is desirable, optical device 840 generally
comprises a pair of side-by-side receptacles as shown
in FIG. 7: one for transmitting optical signals via a fiber
stub (not shown) and the other for receiving optical sig-
nals. Extending downwardly from the optical device 840
are pins 845 that are attached to the transducer 850,
and wire springs 849 that make electrical connection to
an optical/electrical plug connector such plug connector
300 (see FIG. 2).

Optical Cable Tracing System

[0022] FIG. 9illustrates a cable tracing system for op-
tical fibers that use the above-described optical/electri-
cal plug connector and the above-described optical/
electrical jack connector. A hybrid cable provides desir-
ably high bandwidth via optical fibers while connection
accuracy is provided via electrical wires, which are used
to operate indicator lights at one or both ends of the ca-
ble. In particular, the proposed system provides an in-
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tuitive technique for determining the physical location of
two ends of a fiber optic jumper that is used to complete
a cross-connection on a fiber distribution frame. Discon-
necting the wrong jumper cable would interrupt service
on another fiber path, and this makes proper identifica-
tion of jumper cables critical. The present system solves
the problem of the significant revenue loss and custom-
er dissatisfaction that is attributable to service disrup-
tions caused by improper path disconnection. This is of
extraordinary importance in an optical fiber system
where a single fiber may be carrying thousands of tele-
phone conversations and television channels.

[0023] FIG. 9discloses an optical fiber cross-connec-
tion panel 90 (generally referred to as a patch panel)
that contains a number of optical receptacles 940 that
need to be interconnected to provide, maintain, and re-
arrange service. Pairs of receptacles are interconnected
by a jumper cable 10 that contains at least one optical
fiber. Although FIG. 9 shows interconnections between
receptacles on the same patch panel 90 for ease of il-
lustrating the invention, it is understood that the ability
to identify opposite ends of a jumper cable is even more
valuable when the cable extends between a pair of
patch panels that are separated by a significant distance
such as between floors of a building. Each end of the
cable 10 terminates in an optical plug that inserts into
an optical jack 940. The present invention provides the
ability to quickly and accurately identify opposite ends
of an optical cable by adding at least one electrical wire
to the path of the optical cable. This is preferably accom-
plished by using a cable of the type shown in FIGS. 1
and 2, which contains both optical and electrical trans-
mission media. Moreover, this is preferably accom-
plished by terminating each end of the cable 10 with an
optical/electrical plug connector of the type shown in
FIGS. 2 and 3. A cable having connectors at each end
is generally known as a "jumper." Finally, this is prefer-
ably accomplished by using optical/electrical jack recep-
tacles of the type disclosed in FIGS. 4-6, although a de-
sign for an optical/electrical jack receptacle that is better
suited for use in a cable tracing system is shown in FIG.
10. With continuing reference to FIG. 9, it is noted that
an indicator light 941 is positioned above each recepta-
cle 940. This light 941 may either be part of the recep-
tacle 940 or it may be a separate light that mounts di-
rectly to the panel 90. It is also noted that a switch 93 is
positioned on the top side of each receptacle 940. Each
end of the cable 10 is inserted into a receptacle 940.
One end is installed into the receptacle at location 901
while the other end is installed into the receptacle at lo-
cation 902. Cable tracing is achieved by operating the
switch 93 at location 901, which causes the light 941 at
location 902 to glow. Alternatively, operating the switch
at location 902 causes the light at location 901 to glow.
In another embodiment of the invention, operating the
switch 93 at either end of the cable causes the lights
941 at both ends to glow. Apparatus for achieving such
results is described below.
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[0024] FIG. 10 is an exploded perspective view of a
portion of the patch panel 90 shown in FIG. 9 toillustrate
the installation of a jack receptacle 940 into the panel.
The jack receptacle 940 is suitable for receiving a plug
connector, such as shown in FIG. 3 that delivers optical
and electrical signals to the panel as discussed above.
Electrical connection to the jack receptacle 940 is made
via conductive elements 949 that are positioned in
grooves 946, which are molded into the bottom side of
receptacle 940. The conductive elements 949 protrude
from the receptacle to facilitate installation into plated-
thru holes 914 (sometimes referred to as "vias") in the
panel 90, which illustratively comprises a printed wiring
board. The conductive elements 949 also wrap around
a protrusion 942 at the front end of the receptacle and
function as spring contacts for making electrical connec-
tion to mating terminals in the plug connector. lllustra-
tively, the conductive elements are stamped from 0.015
inch (0.38 millimeter) metal stock and gold plated in the
region of the protrusion 942. The conductive elements
are fabricated together as a unit, which is known as a
"lead frame" and which is positioned into the grooves
946 of the receptacle. Because a portion of the lead
frame is used as a spring contact, the entire lead frame
is made from a resilient metal such a berylliumcopper,
although a variety of other metal alloys can be used with
similar results. The receptacle 940 is illustratively made
from a thermoplastic material such as polycarbonate.
Once the lead frame is installed, heat is applied to the
grooves 946 to deform them and, thereby, lock the con-
ductive elements 949 in place.

[0025] The receptacle 940 further includes a lamp
member 941, illustratively a light-emitting diode (LED),
that is activated by the application of a small voltage on-
to a wire pair 948-948. LED 941 and its associated wire
pair are molded into the receptacle 940. Wire pair
948-948 protrude from the receptacle to facilitate instal-
lation into vias 912. And while it is convenient to have
the lamp 941 molded into receptacle 940, it is under-
stood that the light can be separately installed in panel
90 to provide the desired visual indication.

[0026] lllustratively, switch 93 is a single pole single
throw (SPST) switch that is installed in panel 90 adja-
cent to an opening 94, which is shaped to receive the
receptacle 940. Preferably, the switch 93 includes a
spring member that causes it to return to its original state
when released. FIG. 11 and 12 illustrate two different
arrangements for interconnecting the lights and switch-
es at each location 901, 901 (see FIG. 9).

[0027] Inone embodiment, the electrical circuit shown
in FIG. 11 is installed at each location 901, 902 when it
is desirable to only cause the light at the far end of the
cable (e.g., location 902) to glow when the switch 93 at
the near end of the cable (e.g., location 901) is operated.
Switch 93 is shown in its normal state whereby one volt-
age (zero volts or "ground") is present at terminal 114
via light emitting diode (LED) 941 and current-limiting
resistor 112. At location 901, terminal 114 is connected
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to one of the wires 949 on the jack receptacle 940 (see
FIG. 10) via wiring paths on panel 90, which illustratively
comprises a printed wiring board. An optical/electrical
plug connector 300 (see FIGS. 2, 3) is inserted into the
jack receptacle 940 at location 901 and carries the
ground voltage to location 902 where it is connected to
an electrical circuit that is similar to the one shown in
FIG. 11. The overall circuit now comprises an LED 941,
a resistor 112 and a switch 93 at each end of a series
connection between identical voltages (grounds). How-
ever, when the switch at one end is depressed, another
voltage (+V) is applied to the circuit causing the LED at
the other end to glow. This is because switch 93 is ar-
ranged to complete an electrical path from ground
through only one of the LEDs to +V.

[0028] In another embodiment, the electrical circuit
shown in FIG. 12 is installed at each location 901, 902
when it is desirable to cause the lights at the both ends
of the cable (e.g., locations 901 and 902) to glow when
the switch 93 at either location is operated. Switch 93 is
shown in its normal state whereby one voltage (ground)
is present on terminal 114 through light emitting diode
(LED) 941 and current-limiting resistor 112. At location
901, terminal 114 is connected to one of the wires 949
on the jack receptacle 940 (see FIG. 10) via wiring paths
on panel 90, which illustratively comprises a printed wir-
ing board. An optical/electrical plug connector 300 (see
FIGS. 2, 3) is inserted into the jack receptacle 940 at
location 901 and carries the ground voltage to location
902 where it is connected to an electrical circuit that is
similar to the one shown in FIG. 12. The overall circuit
now comprises an LED 941, a resistor 112 and a switch
93 at each end of a series connection between identical
voltages (grounds). When the switch at one end is de-
pressed, another voltage (+V) is applied to the circuit
causing the LEDs at both ends to glow. This is because
switch 93 is arranged to complete an electrical path from
ground through both LEDs to +V.

[0029] In either of the above-described embodiments,
the connection of one end of the jumper cable to the
receptacle 940 in the patch panel 90 is illustrated in FIG.
13. In the preferred embodiment, LED 941 is molded
into the receptacle 940 itself, and the wire pair 948 that
conducts electrical current to the LED is installed in the
panel. Electrical conductors 949 within the receptacle
communicate electrical signals between the panel and
the metallic blades 36 in the optical/electrical plug con-
nector 300. For completeness, it is noted that terminal
114 of the circuit shown in FIG. 11 or 12 is electrically
joined to one of the conductors 949. Optical signals are
communicated between plug connector 300 and anoth-
er plug connector (not shown) that installs into opening
943 of the jack receptacle 940. This other plug connec-
tor includes an optical fiber that extends into a boss 945
that is designed to receive the optical fiber and provide
alignment with the optical fiber contained in plug con-
nector 300.

[0030] Although various particular embodiments of
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the present invention have been shown and described,
modifications are possible within the scope of the inven-
tion. These modifications include, but are not limited to:
the use of plastic optical fiber rather than glass fiber; the
use of a multi-fiber array rather than a single optical fib-
er; the use of a single electrical conductor rather than
the plurality shown; the use of a light that is separately
mounted on the panel rather than an LED that is molded
into the jack receptacle; a plug connector having a one-
piece housing rather than the two-piece housing struc-
ture shown; and a jack receptacle comprising multiple
pieces rather than the one-piece structure shown.

Claims
1. An optical fiber cable tracing system comprising:

an optical receptacle [940] affixed to a first
mounting surface [90], the optical receptacle in-
cluding a metallic conductor [949],

a jumper cable [10] including an optical fiber
[15] and an electrical wire [13] that extend be-
tween opposite ends of the cable and terminate
in a plug connector [300] at each end, each plug
connector being configured to mate with the op-
tical receptacle and to provide electrical inter-
connection between the electrical wire within
the cable and the metallic conductor within the
receptacle, the plug connector at one end of the
cable residing within the optical receptacle on
the first mounting surface,

CHARACTERIZED BY

a first electrical circuit comprising a manually
operated switch [93] and a light emitting device
[941], said circuit being electrically connected
to the metallic conductor within the optical re-
ceptacle on the first mounting surface; and

wherein the manually operated switch has an
active state and a normal state, and is configured
to apply one voltage to the metallic conductor in its
active state and to apply another voltage to the me-
tallic conductor in its normal state.

2. The optical fiber cable tracing system of claim 1 fur-
ther comprising:

a second mounting surface having an optical
receptacle [[940] mounted thereon, the optical
receptacle including a metallic conductor [949]
for transporting electrical signals;

a second electrical circuit comprising a manu-
ally operated switch [93] and a light emitting de-
vice [941], said circuit being electrically con-
nected to the metallic conductor within each op-
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tical receptacle on the second mounting sur-
face;

the plug connector [300] at the other end of the
cable [10] residing within the optical receptacle
on the second mounting surface; and

wherein the manually operated switch of the
second electrical circuit includes an active and a
normal state, and is arranged to apply one voltage
to the metallic conductor in its active state and to
apply another voltage to the metallic conductor in
its normal state.

The optical fiber cable tracing system of claim 1
wherein the light emitting devices [941] of the first
and second electrical circuits both emit light when
either of the manually operated switches [93] is in
its active state, and neither of the light emitting de-
vices emit light when the manually operated switch-
es are both in their normal states.

The combination of claim 3 wherein each electrical
circuit comprises the series connection of the light
emitting device [941], a current-limiting resistor
[112] and the first voltage to the metallic conductor
[949]; said series connection being in parallel with
the manually operated switch [93], which applies
the second voltage to the metallic conductor in its
active state and which is an open circuitin its normal
state.

The optical fiber cable tracing system of claim 1
wherein only the light emitting device [941] of the
first electrical circuit emits light when the manually
operated switch [93] of the second electrical circuit
is in its active state and the manually operated
switch [93] of the first electrical circuit is in its normal
state.

The combination of claim 5 wherein the electrical
circuit comprises the series combination of the light
emitting device [941], a current-limiting resistor
[112] and the first voltage; the manually operated
switch [93] being connected to the metallic conduc-
tor [949] and configured to connect the series com-
bination to the metallic conductor in its normal state
or to connect the second voltage to the metallic con-
ductor in its active state.

The optical fiber cable tracing system of claim 1
wherein the optical receptacle [940] comprises a
pair of back-to-back cavities that are axially aligned,
each cavity of the pair including: (i) a generally rec-
tangular opening [943] for receiving an optical plug
[300], (ii) a circular opening that extends between
the cavities along a longitudinal axis, and (iii) a re-
taining surface that is molded into a top surface of
the cavity for holding the optical plug within the cav-
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10.

ity, one of the cavities of the pair further including a
number of metallic conductors [949] that are posi-
tioned along a bottom surface of the cavity at the
rectangular opening.

The optical fiber cable tracing system of claim 1
wherein the first and second mounting surfaces
comprise separate panels [90].

The optical fiber cable tracing system of claim 1
wherein each mounting surface comprises a printed
wiring board having a plurality of generally rectan-
gular openings [94] for receiving the optical recep-
tacles [940], each printed wiring board having one
or more holes [914] adjacent to each opening for
receiving the metallic conductors [949] that extend
from the optical receptacle.

A method of identifying opposite ends of a jumper
cable [10] that extends between a pair of mounting
surfaces [90, 90] comprising:

providing first and second mounting surfaces,
each having a hybrid receptacle [940] mounted
thereon, each receptacle comprising an optical
port for receiving an optical plug and an electri-
cal port for receiving an electrical plug, said
electrical port including a metallic conductor
[949] that connects to the mounting surface;
extending the jumper cable between the first
and second mounting surfaces to make optical
and electrical connection to corresponding re-
ceptacles on each mounting surface, said cable
including an optical fiber [15] and an electrical
wire [13]; and

disposing substantially similar circuits on the
first and second mounting surfaces, each cir-
cuit including a light [941] and a manually op-
erated switch [93], said circuits being designed
such that manual activation of a switch on the
first mounting surface causes the light at the
corresponding receptacle on the second
mounting surface to turn on.
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